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Abstract 
The purpose of this study is to investigate 6th grade math class activities with students in classroom interactions in terms of 
development of mathematical thinking respectively.  
Qualitative research methods, case study was used to work. The case has been appointed as the classroom activities. In this 
context, a primary school 6th grade mathematics teacher’s video recordings were examined for 120 minutes. Classroom 
communication is analyzed separately for each activity with regard to the categories. Results indicated that in learning and 
teaching process students and teacher carried out 8 sub-categories which belong to “Organize their mathematical thinking 
through communication” category.  
Keywords: Communication standards, learning and teaching process, classroom interaction 
1. Introduction 
The Turkish educational system implements a new mathematics curriculum including a vision of integrated 
mathematics and all students are offered the same compulsory mathematics courses until the end of eighth grade. 
Algebra is one of the learning areas in this curriculum. Algebra has been a major focus of school mathematics. The 
basic reason may be the power that algebra has provided for operating with concepts at abstract levels and applying 
those concepts in concrete situations, beginning (Karian, 1992). Algebra knowledge is a critical part of middle-
school mathematics achievement, and success in algebra is necessary for taking higher level mathematics courses 
and leads to higher scores on standardized tests (Catsambis, 1994). Therefore, it is important to examine student and 
instructional factors related to algebra achievement in order to improve opportunities for success in mathematics. 
Also, NCTM (2000) emphasize that algebraic competence is important in adult life, both on the job and as 
preparation for postsecondary education. All students should learn algebra. By viewing algebra as a strand in the 
curriculum from prekindergarten on, teachers can help students build a solid foundation of understanding and 
experience as a preparation for more-sophisticated work in algebra in the middle grades and high school. 
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Teaching and learning has changed to a conception that students actively construct their own mathematics (Von 
Glasersfeld, 1995). The construction process can be accomplished by students making connections, building mental 
schemata, and developing new mathematics based on their prior knowledge through interactions with others 
(Vygotsky, 1978). Such a perspective assumes mathematics teaching and learning as social in nature. An interactive 
classroom context is necessary for this kind of instruction. 
Blitzer (2003) emphasized that students’ mathematical thinking should be developed constantly. For this purpose, 
a suitable learning atmosphere which encourages students for producing new thoughts and a freethinking classroom 
context is necessary. Prerequisites for this context are; suitability for questioning, convenience for expressing the 
thoughts and assurance for the challenge (Mason et al., 1991). 
According to NCTM (2000), communication is an essential part of mathematics and mathematics education. It is 
a way of sharing ideas and clarifying understanding. Through communication, ideas become objects of reflection, 
refinement, discussion, and amendment. Students are needed to think and reason about mathematics and to 
communicate the results of their thinking to others orally or in writing; they learn to be clear and convincing. By 
listening to others' explanations students develop their own understandings. Conversations in which mathematical 
ideas are explored from multiple perspectives help the participants sharpen their thinking and make connections. 
Students who have opportunities, encouragement, and support for speaking, writing, reading, and listening in 
mathematics classes reap dual benefits: they communicate to learn mathematics, and they learn to communicate 
mathematically. At this point the importance of classroom communication emerges. 
The purpose of this study is to investigate 6th grade math class activities with students in classroom interactions 
in terms of development of mathematical thinking respectively. The research addresses the following question: 
“How are communication skills being implemented in classroom contexts?” 
2. Methodology 
The study was predominantly qualitative. Qualitative research methods, case study was used to work. The case 
has been appointed as the classroom activities. The data have been collected by documents and video records. 
Principles and Standards for School Mathematics (PSSM) document-communication standards- which was 
published by NCTM was divided into 4 main categories and 39 sub-categories by applying content analysis. 
Analysis sub-units have been obtained by determining the skill which teacher and students done in order to achieve 
the standards in 39 sub-categories.  The categories are represented below; 
Table 1: Main categories and subcategories
1.Organize and consolidate their mathematical thinking through communication 
1.1 organize 
1.1.1 students should act out a situation 1.1.2 students should draw objects 
1.1.3 students should use objects 1.1.4 students should give  verbal accounts and explanations 
1.1.5 students should write mathematical symbols 1.1.6 students should use mathematical symbols 
1.1.7 students should present their methods for solving 
problems 
1.1.8 students should justify their reasoning to a classmate or teacher 
1.1.9 students should formulate a question 1.1.10 students should explain their answers 
1.1.11 students should describe their strategies 1.1.12 students should think aloud 
1.1.13 teachers should pose thoughtful questions 
1.2 consolidate 
1.2.1 students should reflect on their work 1.2.2 students should clarify their thoughts 
2. communicate their mathematical thinking coherently and clearly to peers, teachers and others 
2.1 students need opportunities to test their ideas on the 
basis of shared knowledge 
2.2 students should be the part of the discussion 
2.3 students need help from teachers for learning to see 
things from other perspective 
2.4 students should build a community in which students will feel 
free to Express their ideas 
2.5 student should participate  in whole class discussion 2.6 students should respond to one another(listening, questioning, 
paraphrasing, interpreting others idea 
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2.7 students should do modeling 2.8 students should communicate in more formal 
2.9 students should use conventional mathematical 
terminology 
2.10 students should examine exemplary and problematic pieces of 
mathematical writing 
2.11 students need practice in responding to typical 
assessment prompt 
2.12 students need practice with guidance(use and special meanings 
of mathematical language and the representations and standards  of 
explanation and proof) 
2.13.Students should acquire an recognize conventional 
mathematical styles of dialogue and argument 
2.14.Students should be aware of whether they are convincing and 
whether others can understand them 
3. Analyze and evaluate the mathematical thinking and strategies of others; 
3.1. Students should invented strategies can become objects 
of discussion and critique. 
3.2.Students should question and probe one another's thinking in 
order to clarify underdeveloped ideas 
3.3. Students should learn to examine the methods of other 3.4. Students should learn to examine ideas of others 
3.5. Students should learn to become critical thinkers 
carefully listening the claims of others 
3.6. Students should learn to become critical thinkers carefully think 
about the claims of others 
4. Use the language of mathematics to express mathematical ideas precisely 
4.1. Students should teachers should help students see that 
some words that are used in mathematics with different or 
more-precise meanings. 
4.2. Teachers should give students experiences that help them 
appreciate the power and precision of mathematical language. 
4.3. Students should understand the role of mathematical 
definitions and should use them in mathematical work 
4.4.Students should use technology (spreadsheets or calculators) 
Each skill has been determined whether it complies with PSSM standards on the basis of analysis units in the 
categories. After this, descriptive analyses technique was used in the analysis for 120 minutes of video records. In 
our study, the analysis of data involved the teaching and the learning practices of the teacher and students in the 
classroom by means of communication standards. During the analysis, direct excerpts and comments were given. 
In the light of the expert opinions taken from 3 mathematics educator the validity and the reliability of the categories 
were checked and corrections have been made according to these findings.  
3. Findings 
This part deliberates the findings for research questions. Reflections of the development of communication skills 
in the classroom will be presented with sample results. 
Protocol 1:  
T: Let's open, textbook page 111. Look, there are 3 children; Onur, Deniz and Ali. Have you seen them? 
S: yeesss 
T:  Now,  Onur  says  that  we first  solve  the  questions  of  Ali's  two times  as  much as  I  figured  out  the  questions.  
What do you understand here? 
S1: Ali solved twice more questions than Onur’s. For example, If Ali solved 5 questions, than Onur solved 10 
questions. 
T: Didn’t it?  2 times questions solved. What did he say? 5, he said. What is two times 5? 
At the same time class and the teacher said “the answer is 10”. 
T:  So  Onur  solved  10  questions.  So,  Deniz  says  that  I  figured  out  the  5  less  question  than  the  total  of  your  
questions.  So what do you understand here? 
S2:  He solved 5 less questions than the questions solved by Onur and Ali. They solved 20 questions, for 
example. 
T: hÕÕÕÕmmm 
 S2: So that Deniz solves 15 questions. 
T: yes, right? He solved 5 less questions than the questions solved by Onur and Ali. So, good. Here what we have 
done in fact?  We have witnessed a conversation, right? A conversation passes between Onur, Deniz, and Ali. They 
talk about solving mathematics questions. But no one say how many questions they solved. They mention this by a 
sentence.  For  example,  let's  say  Ali.  We  do  not  know  how  many  questions  figured  out  by  Ali.  But  I  say  that  I  
figured out the questions two times of Ali. Deniz also said that I figured out the 5 less questions than the total of 
your questions. Then what we have done. We find the number of questions solved by Onur according to the number 
of questions solved by Ali and also the number of questions solved by Deniz according to the number of questions 
solved by Onur and Ali. Is it true? 
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S: Yes. 
T: Yes. At this point the algebraic expression is getting exactly important. For example we don’t say Ali solves 5 
questions. Instead, we say that I resolved the question of Ali’s two times as much. That is twice a number, or 5 more 
than twice a number, only 5 more than a number or what do we do when we say like these. When I say 5 more, I add 
5. When I say the sum of two numbers… 
In Protocol 1 class activities demonstrate that " students give verbal accounts and explanations(1.1.4), students 
present their methods for solving problems (1.1.7), students justify their reasoning to a classmate or teacher (1.1.8), 
students explain their answers (1.1.10) " as well as questions that the teacher directs to the students to let them think 
about (1.1.13). For example, S1 and S2 show that students' excerpt includes the acquisition of skills. 
Protocol2:  
T: What does a regular pentagon mean? 
S: It has five sides. 
T:  A  few  minutes  ago  we  said  that  we  use  the  number  of  sides  in  naming  of  triangles.  For  example  regular  
pentagon has five sides. So I'm drawing. The circle of a regular pentagon is being asked. However, being asked to 
express algebraically. Would you do this once? Come on, let's write. Express the circle of a regular pentagon as 
algebraic expression. 
S: 5x  
T: Well done, beautiful, write in the notebook. 
T: How did the triangle? How should we think? So, did you think? 
T: How did you do? (She went near a student) 
T: Would you do for us on the board? 
T: According to what did you do? Because each edge of the...  
S: I gave names. I wrote five b because it has 5 sides. And I said 5 point b for the circle (5.b) 
In Protocol 2, similar to Protocol 1, skills (1.1.4), (1.1.10) and (1.1.13) were observed. In addition to this, the 
strategy defined by the student (1.1.11) and its method of problem solving (1.1.7) are observed, too. 
Protocol3: 
T: Numbers continuing according to a given rule were given. It  was prompted from me to show this as figure. 
Let's say like this. 5, 10, 15 ... Numbers according to a given rule, shown as a figure. How can you show this as a 
figure? How do I show the figure for 5? 
S1: Take a triangle. We accepted it as five. If there is 3, it equals to 15. 
T: hÕÕÕ for example, singled out the edges, but let's say you show your brother and said 1, 2, 3. You need to think 
another figure. 
S2: Let's draw 5-heart shape 
T: But then what will you do when it comes to 20 or 100? It would be very difficult. You need to think about 
something smaller. 
S3: Regular pentagon 
T: Yes, well done. Is it regular pentagon? Let's draw. What we were doing. Just like a guy it has hands, arms and 
head. You will draw two pentagons for the second; you will draw three pentagons for the third. What you will find 
in the next coming?  
Similar to Protocol 1 and Protocol 2 the communication skills (1.1.10), ( 1.1.13), (1.1.4) were observed. In 
addition to these, in the Protocol 3, the teacher encourages the students to make modeling (2.7), to draw objects 
(1.1.2) and to use objects (1.1.3).  
4. Discussion  
Findings revealed that in this algebra course case, classroom atmosphere do not satisfy most of the 
communication standards listed above. When we analyze the discourse, it is clear that the teacher is lack of using 
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whole class discussion and group work, so she is poor in helping students to acquire the ability for communicating 
their mathematical thinking coherently and clearly to peers, teachers, and sharing with other people. Vygotsky 
(1978) emphasizes the importance of the construction process and he concludes that this process can be 
accomplished by students making connections, building mental schemata, and developing new mathematics based 
on their prior knowledge through interactions with others. Students do not have the opportunity to construct their 
knowledge by interactions. 
On the other hand, Mason et al. (1991) pointed out that a suitable learning atmosphere which encourages students 
for producing new thoughts and a freethinking classroom context is necessary for the development of mathematical 
thinking. However, teacher does not encourage the children for thinking and producing new thoughts. Some of her 
questions are really high level, and at this point students need guidance and little hints to express their thoughts. But 
the teacher does not pay attention to wait-time1 and wait-time 2. Instead, the teacher, herself, answers the questions. 
The teacher will be in a concern that the time is limited.  
During the instruction, the role of the teacher is transmitting information to the students.  All of the conversations 
pass between teacher and student. Student to student communication was not observed. Also, when working on a 
task teacher only recognize to one or two students. But NCTM (2000), pay attention to conversations in which 
mathematical ideas is explored from multiple perspectives that help the participants sharpens their thinking and 
makes connections. 
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